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(57) ABSTRACT

Method for monitoring the state of a tire, 1n which at least one
analysis value (U” 1), from which the state of a tire is deter-
mined, is formed from wheel speed signals (w™ 1) of the
vehicle wheels, wherein the analysis value (U” 1) is an abso-
lute rolling circumierence of a tire or a variable which repre-
sents the absolute rolling circumierence of a tire, 1n particular
a dynamic tire radius which 1s determined by evaluating
wheel speed signals (0™’ 1) and signals from at least one
sensor 1 order to measure the speed of the vehicle over an
underlying surface, and the analysis value (U* 1) is used to
determine a loss of pressure and/or working loads of the tire,
as well as a device for monitoring the state of the tire.

16 Claims, 2 Drawing Sheets
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METHOD AND DEVICE FOR MONITORING
THE STATE OF TIRES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. national phase application of
PCT/EP2008/055046, filed Apr. 25, 2008, which claims pr1-

ority to German Patent Application No. 10 2007 029 870.8,
filed Jun. 28, 2007, the contents of such applications being
incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of Invention

In modern motor vehicles, systems which contribute to
active or passive protection of the vehicle occupants are being
increasingly used. Systems for monitoring the tire pressure
protect the vehicle occupants against mjury which would
otherwise be caused, for example, by an abnormal tire pres-
sure. An abnormal tire pressure can, for example, increase the
wear ol the tire and the consumption of fuel, or a tire defect
(“flat tire””) may occur. Various tire pressure monitoring sys-
tems, which either operate on the basis of directly measuring
sensors or detect an abnormal tire pressure by means of an
evaluation of rotational speed properties or oscillation prop-
erties of the vehicle wheels, are already known.

2. Description of the Related Art

What are referred to as directly measuring tire pressure
monitoring systems, which, by means of pressure sensors in
the individual tires, sense the respective pressure in the
respective wheel, are known, as described for example in
application DE 199 26 616 C2. Furthermore, what are
referred to as indirectly measuring tire pressure monitoring,
systems (DDS: Detlation Detection System ), which can sense
a pressure loss from auxiliary variables, for example by com-
paring the rolling circumierences of the individual wheels,
are also known, for example from DE 100 38 140 Al.

WO 01/87647 Al describes a tire pressure monitoring,
method and device which combine a tire pressure monitoring,
system which 1s based on the sensing of wheel radi and a tire
pressure monitoring system which 1s based on the evaluation
ol oscillation properties.

Only relative changes in the rolling circumierences of up to
three wheels compared to a learnt state can be detected with
indirect tire pressure monitoring methods which are known
from the prior art and which are based on the observation of
rolling circumierences. The absolute rolling circumierence
of the tires 1s unknown 1n these indirect methods which are
known from the prior art, since independent information
about the vehicle speed 1s not available. For this reason, a
simultaneous pressure loss at all four tires cannot be detected
by these systems.

A method for determining the absolute rolling circumier-
ences of the wheels of a motor vehicle from the wheel speed
information 1s disclosed in DE 102005 014 099 A1. Here, the
time diflerence between the occurrence ol corresponding
vibrations 1n the wheel speed signals at the front wheel and
rear wheel of the same side of the vehicle 1s used to determine
an absolute vehicle speed and the absolute rolling circumier-
ences of the four wheels.

SUMMARY OF THE INVENTION

An objective of the invention i1s to make available a tire
state monitoring system for a motor vehicle which 1s based on
the evaluation of the rotational movement of the wheels and in
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which the reliability of the detection of, and 1ssuing of warn-
ings about, tire pressure losses and/or an excessive load/
working load of the tire 1s increased.

The invention relates to the 1dea of evaluating wheel speed
information and signals of a sensor for measuring the speed of
the vehicle over an underlying surface in order to determine
absolute tire rolling circumierences and therefore carry out
improved tire monitoring.

According to aspects of the mnvention, as a generalization,
the term “absolute tire rolling circumierence” 1s also under-
stood to mean any variable which represents the tire rolling
circumierence of a vehicle wheel, for example the tire radius.

The term “wheel speed” 1s understood according to aspects
of the mvention to mean, as a generalization, any variable
which represents the wheel speed of a vehicle wheel. This can
also be, for example, a wheel rotating time. Correspondingly,
the term “wheel speed signal” 1s understood according to
aspects of the invention to mean a signal which represents the
wheel speed of a vehicle wheel.

A tire pressure loss and/or an excessive load or working
load on the tire 1s preferably detected by virtue of the fact that
a comparison of a currently determined absolute rolling cir-
cumierence with at least one absolute rolling circumierence
comparison value 1s carried out. The difference 1s particularly
preferably formed from the currently determined absolute
rolling circumierence and the rolling circumierence compari-
son value. If said difference 1s greater than a predefined

threshold value, a pressure loss of the tire and/or an excessive
load on the tire 1s detected.

The sensor for measuring the speed of the vehicle over an
underlying surface 1s preferably based on an optical measur-
ing method or on a measuring method which 1s based on
radar. For this purpose, the sensor 1s particularly preferably
arranged on the vehicle. The sensor particularly preferably
emits electromagnetic radiation which 1s reflected by the
surface of the carriageway and/or other fixed objects. The
speed of the vehicle over an underlying surface 1s quite par-
ticularly preferably determined by means of sensors for auto-
matic inter-vehicle distance and/or speed control (ACC:
Adaptive Cruise Control) or cameras for estimating speed.

According to one preferred embodiment of the method
according to aspects of the invention, a vehicle longitudinal
speed and/or a vehicle lateral speed are determined from the
signals of the sensor for measuring the speed of the vehicle
over an underlying surface. The absolute vehicle speeds at the
wheel contact points are then particularly preferably deter-
mined from said vehicle longitudinal speed and/or vehicle
lateral speed. In addition to the vehicle longitudinal speed and
the vehicle lateral speed, the yaw rate 1s quite particularly
preferably used for this purpose. The absolute vehicle speeds
can theretfore also be determined at the wheel contact points 1n
the case of cornering.

It 1s preferred that the speed components are determined 1n
the wheel longitudinal direction from the absolute vehicle
speeds at the wheel contact points. Said speed components
are then included 1n the calculation of the absolute rolling
circumierences.

The toe-1n angle or angles of the rear wheels and/or the
wheel lock angle of the front wheels are preferably taken into
account 1n order to determine the speed components 1n the
wheel longitudinal direction. Sufficiently precise determina-
tion of the speed components in the wheel longitudinal direc-
tion 1s therefore possible. The wheel lock angle 1s particularly
preferably determined by means of a sensor. A determination
1s therefore obtained which 1s as precise and reliable as pos-
sible. However, it 1s also particularly pretferred that the wheel
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lock angle 1s determined from the steering wheel angle by
means of a steering model. This avoids the cost of a wheel
lock angle sensor.

The absolute rolling circumierences are preferably deter-
mined for each wheel so that it 1s possible to monitor each
individual wheel.

According to one preferred embodiment of the method
according to aspects of the invention, the absolute tire rolling
circumierences are learnt 1f the learning process 1s mnitiated
by the driver by activation of an activation element or of an
activation function. The driver ensures that the correct tire
pressures are set, and informs the monitoring system of this
by mitiation. The comparison values are then leamnt.

Alternatively it 1s preferred that the absolute tire rolling
circumierences are learnt in the method according to aspects
of the invention if an automatic learning process 1s started by
a second tire state monitoring system. As a result, the learning
process becomes independent of the driver. The second tire
monitoring system 1s particularly preterably a directly mea-
suring tire pressure monitoring system which comprises at
least one tire pressure sensor. By comparing the tire pressures
measured using the pressure sensors with predefined thresh-
old values, the second tire state monitoring system deter-
mines that the correct tire pressures for a learning process are
present.

The comparison values of the absolute tire rolling circum-
terences are preferably predefined as a function of atleast one
of the following variables or learnt as a function of at least one
of the following variables: speed, drive torque, yaw rate and
lateral acceleration. Accordingly, the comparison of the cur-
rently determined absolute tire rolling circumierence and the
comparison value 1s carried out in the case of a value or values
which 1s/are comparable 1n terms of the speed and/or drive
torque and/or yaw rate and/or lateral acceleration. The learn-
ing and the monitoring (comparison) particularly preferably
take place 1n value ranges or intervals of the speed and/or of
the drive torque and/or of the lateral acceleration. As a result,
the dependence of the rolling circumierence on these vari-
ables 1s taken 1nto account with limited expenditure on com-
puting and storage.

The method according to aspects of the imvention 1s pret-
erably carried out 1n an 1indirectly and/or directly measuring
tire pressure monitoring system. This permits mutual plausi-
bility-checking of the results of the various methods. This
gives rise to a more reliable warning about a pressure loss and
to fewer 1ncorrect warnings.

An advantage of the invention 1s the detection of a pressure
loss 1n all four tires at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS

Further preferred embodiments emerge from the following,
description of an exemplary embodiment with reference to
Figures, of which:

FI1G. 1 1s a schematic block circuit diagram of an exemplary
method, and

FIG. 2 1s a schematic view of the relationship between
individual variables.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FI1G. 1 illustrates a schematic block circuit diagram of an
exemplary embodiment of a method according to aspects of
the invention. In block 1, the wheel speeds of the wheels are
determined. The present invention uses the imnformation of a
sensor which determines the absolute speed of the vehicle
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(block 2). With such sensors, the information about the
vehicle longitudinal speed v* _and vehicle lateral speed v 18
usually available. These varniables are used to determine the
absolute rolling circumferences U”, of the tires (block 3),
which absolute rolling circumferences U”, are used for the

monitoring of the tire pressure (block 5).
The mndex 1 stands for a wheel 1=VR (Ifront right), i=VL

(front left), 1=HR (rear right), and i=HL (rear leit)).

In order to determine the absolute rolling circumierences
U”,, the absolute vehicle speeds are first determined at the
wheel contact points v¥,. In the case of straight-ahead travel,
the vehicle speeds at the wheel contact points are equal to the
vehicle longitudinal speed (v, =v""). In the case of cornering,
the vehicle speeds at the wheel contact points v*, can be
calculated from the vehicle longitudinal speed v, and

X

vehicle lateral speed v* ,, taking 1nto account the yaw rate :

VRI';E - VFJ::+1P .zf

VR szFy—lp -b,

ENOE_ PR, )

where (see also the example of the front wheel VR 1n FIG. 2)
I, (perpendicular) distance 1 ;-and 1, ,, between the center of
gravity of the vehicle F and the front axle V or rear axle H

(=g s 1 g =1z g =g g5 TOr 1=VL, VR, HL, HR)
and
b : (vertical) distance between the vehicle longitudinal axis 10

and the wheel centerpomt VRM (b,=bz 17, =bz 2, br 7z,

—bg zz for1i=VL, VR, HL, HR).

Depending on the driving situation, the speed at the wheel
contact points does not point 1n the longitudinal direction of
the wheel. The angle between these directions 1s referred to as
the tire slip angle a.. The wheel lock angle 6, can be used to
calculate the tire slip angle o

v
a; = O; — arctan—=

R
Vs

The wheel lock angle 0, contains, for example, the toe-in
angle at the rear axle and/or the wheel lock angle at the front
axle. The wheel lock angle at the front axle can be determined
from the steering wheel angle and a steering model 11 there 1s
no sensor present.

The speed component in the wheel longitudinal direction 1s
subsequently calculated using v*,-cos o, from the absolute
vehicle speeds at the wheel contact points.

The absolute rolling circumierences are obtained from
R VI-R - COSQ;
! w?f}"fh
where m?*” is the rotational frequency of the wheel i, which

1s determined, for example, using an ABS (anti-lock brake
system) rotational speed sensor. The absolute rolling circum-
ferences U”, are preferably used for monitoring the tire pres-
sure. For this purpose, 1n a method for detecting pressure
losses at the tire, the rolling circumierences which are deter-
mined according to the above method are firstly learnt (inter-
rogation 4 1n FIG. 1: learning process concluded?) and then
stored (U ). This requires the driver to indicate, for
example by pressing a pushbutton key, the presence of a
satisfactory tire pressure to the system for monitoring tire
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pressure or to the method. After learning 1s completed (YES
in iterrogation 4 1n FI1G. 1), continuous monitoring (block 5)
1s carried out by comparing the current rolling circumier-
ences U™“* with the learnt values U™ _ If the difference
Urdern _JRa* exceeds a threshold value, there is an indica-
tion of a pressure loss.

The rolling circumferences U”, of the tires depend essen-
tially on the speed, the drive torque, the lateral forces and the
wheel load. In particular, the rolling circumferences U%, of
the driven wheels depend greatly on the slip which 1s deter-
mined essentially by the braking torque My, . and the
engine torque M . .. which are present. The following rela-
tionship applies to the rolling circumferences U”

R

RV, -cosa; V" -cos;
U:h = =
: w?irfh mﬁf“t’h 1+ A {,d?rfh
where w,”” results from an ideal rolling movement and

An™®" represents the slip-dependent component of the wheel
speed. For a tire pressure monitoring means, Am“"*”, therefore
represents a fault.

In order to achieve the precision and robustness which are
required for monitoring pressure in practice, 1t 1s therefore
necessary to limit the learming and the detection/monitoring,
to driving situations with low slip (for example restriction to
straight-ahead travel) or to take into account and/or compen-
sate the influence described above.

The mnfluence can be taken 1nto account by the learning and
detection/monitoring 1n braking torque ranges and/or engine
torque ranges or by a continuous correction.

In the case of learning and detection/monitoring in, for
example, braking torque ranges and/or engine torque ranges,
the difference U%"” -U** is determined with the learning
value U associated with the current measurement value
U%e*  for the same values of the braking torque and/or
engine torque.

In the case of continuous correction, a relationship 1
between the rolling circumference U”, and the braking torque

M and/or engine torque M

Brems pitriebh”

DIRI' :f(MBrems:M Antri E'E?)

1s learnt in the form of a characteristic curve. For the purpose
of detection/monitoring, the currently acquired wheel cir-
cumference U%“*_ is then reduced by this proportion f in
order to obtain the corrected rolling circumference U* """

korr _ k
[}Rz’ GFF_[fRﬂ ri_ﬂMEremerAnn"feb)

A corresponding procedure can additionally or alterna-
tively be carried out for other influences such as speed, lateral
acceleration, yaw rate, load and/or lateral forces.

If the dependence on the load 1s not explicitly taken 1nto
account during the learning process or 11 no correction of the
wheel circumierences with respect to the load 1s carried out
(see description above), the reset should be carried outonly 1n
the case of partial load 1n order to compensate as far as
possible for the influence of the load. A later increase 1n load
then gives rise to smaller rolling circumierences, about which
warnings may possibly already have to be given owing to the
greater loading of the tires.

According to one exemplary embodiment, the method
according to aspects of the invention 1s applied 1n combina-
tion with a DDS, and serves predominantly here for the detec-
tion of a stmultaneous pressure loss at all four wheels. Com-
pared to application of the DDS method alone, this also
provides the advantage that a warning 1s given of loading on
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the tire which 1s too high overall, and 1t can therefore be
avoided, 1rrespective of whether it has been caused by pres-
sure loss or an increase 1n wheel load.

According to another exemplary embodiment, the method
according to aspects of the mvention 1s to be used in combi-
nation with a directly measuring tire pressure monitoring,
system. In this case, the indication of the correct pressures by
means of a pushbutton key (reset by the driver when correct
pressures are present) can also be dispensed with, and an
internal signal can be passed on by the direct system (TPMS:
tire pressure monitoring system) (automatic resetting in the
case of the method according to aspects of the invention). It 1s
therefore possible to monitor the plausibility of the TPMS
information, and there 1s therefore redundant pressure infor-
mation present which permits, for example, the tire pressure
also to be used as an mput variable for safety-related vehicle
control systems such as ABS (anti-lock brake system) and/or
ESP (electronic stability program).

Advantages of the method according to aspects of the
invention over the prior art are:

detection of a simultaneous pressure loss at all four tires,

and

extension of the working range for cornering.

Various measurement methods are possible for the sensor
for determining the absolute vehicle speed. Sensors for deter-
mining the absolute vehicle speed are generally based on
optical systems which sense the reflection or the image of the
roadway with an optical sensor. For this purpose, the roadway
1s 1wrradiated with a specific optical signal or a light source.

The evaluation of these signals 1s usually based on the prin-
ciple of optical correlation or of optical flux.

The invention claimed 1s:

1. A method for monitoring a state of a tire of a vehicle by
a processor comprising the steps of:

establishing by the processor at least one analysis value

(U*)), from which a tire state is inferred, from wheel
speed signals (0" ) of wheels of the vehicle, wherein
the analysis value (U*)) is an absolute rolling circumfer-
ence of a tire or a variable which represents the absolute
rolling circumierence of a tire which 1s determined by an
evaluation of wheel speed signals (w®*”)) and signals
from at least one sensor for measuring a speed of the
vehicle over an underlying surface; and

inferring a pressure loss, a load on the tire and/or a working

load on the tire from the analysis value (U%).

2. The method as claimed 1n claim 1, wherein the pressure
loss, the load on the tire and/or the working load on the tire are
inferred from a comparison of a currently determined analy-
sis value (U™ ) with at least one analysis comparison value
(UR,ZE?F"HI.)'

3. The method as claimed 1n claim 2, wherein the analysis
comparison value (U%¢" ) is learnt if a learning process is
initiated by a driver by activation of an activation element or
of an activation function, or i1f an automatic learning process
1s started by a second tire state monitoring system.

4. The method as claimed 1n claim 2, wherein the second
tire state momitoring system 1s a direct tire pressure monitor-
ing system with at least one tire pressure sensor.

5. The method as claimed 1n claim 2, wherein analysis
comparison values (U™ ) are predefined or learnt as a
function of at least one of the following travel state variables:
vehicle speed, braking torque, drive torque, yaw rate, load,
lateral forces and lateral acceleration, and

wherein a comparison of the currently determined analysis

value (U™*) and the analysis comparison value
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(U™ ) is carried out in a case of a value or values
which 1s/are comparable 1n terms of travel state variable
or variables.

6. The method as claimed 1n claim 2, wherein analysis
comparison values (U ) and/or currently determined
analysis values (U%“* ) are corrected in terms of their depen-
dence on at least one of the following travel state variables:
vehicle speed, braking torque, drive torque, yaw rate, load,
lateral forces and lateral acceleration.

7. The method as claimed in claim 6, wherein, 1n order to
correct analysis comparison values (U**"” ) and/or currently
determined analysis values (U™%") at least one functional
relationship () between the analysis comparison value and/or
analysis value (U TU®“* yand the travel state variable or
variables 1s learnt.

8. The method as claimed 1n claim 1, wherein a vehicle
longitudinal speed (v*,) and/or a vehicle lateral speed (v* )
are determined from signals of the sensor for measuring the
speed of the vehicle over an underlying surtace.

9. The method as claimed 1n claim 1, wherein absolute
vehicle speeds at wheel contact points (v*,) and/or speed
components 1 a wheel longitudinal direction are determined
from the signals of the sensor for measuring the speed of the
vehicle over an underlying surface for each wheel.

10. The method as claimed 1n claim 9, wherein a yaw rate
(W) 1s taken 1nto account during a determination of the abso-

lute vehicle speeds at the wheel contact points (v©)).
11. The method as claimed 1n claim 9, wherein a toe-in

angle and/or a wheel lock angle (0,) are/1s taken 1nto account
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during the determination of the speed components in the
wheel longitudinal direction (v*).

12. The method as claimed 1n claim 1, wherein said method
1s carried out 1in an idirectly measuring and/or directly mea-
suring tire pressure monitoring system.

13. The method according to claim 1, wherein information
which is acquired from the analysis values (U%)) is used to
control a braking pressure in an electronic vehicle control
system.

14. The method according to claim 13, wherein the elec-
tronic vehicle control system 1s either an anti-lock brake
system (ABS) or an electronic stability program (ESP).

15. The method according to claim 1, wherein the variable
which represents the absolute rolling circumierence of a tire
1s a dynamic tire radius.

16. A device for monitoring a state of a tire which 1s
arranged on a vehicle, having sensors for determining wheel
speed signals of wheels of the vehicle and at least one sensor
for measuring a speed of the vehicle over an underlying
surface,

wherein said device comprises an analysis unit in which an

absolute rolling circumference (U*)) of a tire or a vari-
able which represents the absolute rolling circumierence
of a tire 1s determined by an evaluation of wheel speed
signals (0?“” )and of signals of the sensor for measuring
the speed of the vehicle over an underlying surface, by
means of which rolling circumference (U*)) or variable
the tire 1s monitored for a pressure loss, a load of the tire
and/or a working load of the tire.

G o e = x
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